For some projectcd experiments on X-ray induced dominaut lethal mutation rates in Drosophila melanogaster it was desirable to use stocks in which the natural proportion of unhatched eggs was very low and constant. A preliminary survey was therefore made of crosses between a few available inbred lines with the intention of improving the hatching rate by heterosis. It was then found that there was a marked difference iu performance of F1 parents between the reciprocal crosses between two lines designated 0 and B. When B females were crossed to 0 males the F1 parents (symbol BO) gave x per cent. unhatched eggs whereas the reciprocal F1 (OB) gave 35 per cent. urihatched eggs. This reciprocal difference was further investigated, using various combinations of 0 and B chromosomes in 0 and B cytoplasm.
MATERIALS AND METHODS
For some projectcd experiments on X-ray induced dominaut lethal mutation rates in Drosophila melanogaster it was desirable to use stocks in which the natural proportion of unhatched eggs was very low and constant. A preliminary survey was therefore made of crosses between a few available inbred lines with the intention of improving the hatching rate by heterosis. It was then found that there was a marked difference iu performance of F1 parents between the reciprocal crosses between two lines designated 0 and B. When B females were crossed to 0 males the F1 parents (symbol BO) gave x per cent. unhatched eggs whereas the reciprocal F1 (OB) gave 35 per cent. urihatched eggs. This reciprocal difference was further investigated, using various combinations of 0 and B chromosomes in 0 and B cytoplasm.
The following types of female were used : B, 0, OB, BO, OB x B (hackcross of OB female to a B male), B x OB, BO x 0 and Ox OB. This excludes the F2's and half the backcrosses, but is symmetrical. Only three types of male were used B, 0 and BO, as it was anticipated that female constitution would be much more important than male constitution. It is unfortunate that OB males were not also used to preserve the symmetry.
All combinations of male and female types were mated in units of females to 3 males in an endeavour to reduce the effect of segregation for hatchability within each type. Parents were mated for hours and then transferred to a tube containing a 3 x x in. slide coated on one side with a special medium. After hours' laying the parents were shaken out and after a further 24hours hatched and unhatched eggs were counted. Mating, laying and hatching all occurred at 25°C. (for details of technique see Bateman, 1956 ). The total eggs counted for each mating tube and the percentages unhatched are given in full in table x. Table 2 shows the weighted means for percentage of unhatched eggs, together with row and column totals from which first order effects may be judged. For the interpretation of these 'data one must consider the genotypes of the various males and fcrnales and of the eggs before and after fertilisation. These can be expressed by parameters which are shown in table 3.
(i) With or without 0 cytoplasm, which here refers to anything which is inherited permanently and only through the female line. It refers equally, of course, to the cytoplasm of the egg and of the female laying it.
(ui The proportion of 0 genes in the female and in the unfertilised egg, which \\•ill vary from o in inbred line B to i in inbred line 0.
(iii) The heterozygosity of the female, which will measure her heterosis. This will vary from o in inbred lines to x in F1.
(iv) The proportion of 0 genes in the fertilised egg, separate values pertaining to each type of male, and (v The amount of heterozygosity in the fertilised egg, for which again separate values peltain o each type of male.
In addition to the above there might be (vi) an effect of male genotype per se and (vii) interactions between male and female (or egg) genotypes.
For some projected experiments on X-ray induced dominant lethal mutation rates in Drosophila melanogaster it was desirable to use stocks in which the natural proportion of unhatched eggs was very low and constant. A preliminary survey was therefore made of crosses between a few available inbred lines with the intention of improving the hatching rate by heterosis. It was then found that there was a marked difference in performance of F1 parents between the reciprocal crosses between two lines designated 0 and B. When B females were crossed to 0 males the F1 parents (symbol BO) gave i per cent. unhatched eggs whereas the reciprocal F1 (OB) gave 35 per cent. unhatched eggs. This reciprocal difference was further investigated, using various combinations of 0 and B chromosomes in 0 and B cytoplasm.
The following types of female were used B, 0, OB, BO, OB xB (backcross of OB female to a B male), B x OB, BO x 0 and 0 x OB. This excludes the F2's and half the backcrosses, but is symmetrical. Only three types of male were used B, 0 and BO, as it was anticipated that female constitution would be much more important than male constitution. It is unfortunate that OB males were not also used to preserve the symmetry.
All combinations of male and female types were mated in units of 3 females to 3 males in an endeavour to reduce the effect of segregation for hatchability within each type. Parents were mated for 24 hours and then transferred to a tube containing a 3 x i in. slide coated on one side with a special medium. After hours' laying the parents were shaken out and after a further hours hatched and unhatched eggs were counted. Mating, laying and hatching all occurred at 25° C. (for details of technique see Bateman, 1956 ). The total eggs counted for each mating tube and the percentages unhatched are given in full in table i. Table 2 shows the weighted means for percentage of unhatched eggs, together with row and column totals from which first order effects may be judged. For the interpretation of these 'data one must consider the genotypes of the various males and females and of the eggs before and after fertilisation. These can be expressed by parameters which are shown in table 3.
(ii' The proportion of 0 genes in the female and in the unfertilised egg, which will vary from o in inbred line B to i in inbred line 0.
(iv) The proportion of 0 genes in the fertilised egg, separate values pertaining to each type of male, and (v The amount of heterozygosity in the fertilised egg, for which again separate values pertain to each type of male.
In addition to the above there might be (vi) an effect of male genotype per se and (vii) interactions between male and female (or egg) genotypes. The statistical significance of the effects discussed below may be judged from a general analysis of variance carried out on the data in The statistical significance of the effects discussed below may be judged from a general analysis of variance carried out on the data in table 2. As will be seen from table 4, all the first order effects are highly significant as is also the interaction of cytoplasm and type of male. Such an analysis is unable to show the nature of these interactions, which will be discussed below. The mean square for heterozygosity of the female should be greater than the value shown because one of the three degrees of freedom cited is in fact due to the comparison between the backcrosses to B and 0, which have the same heterozygosity.
It will be seen that the third order interaction has a higher mean square (non-significant, P.zzo•2) than the second order interactions involving heterozygosity. For that reason these second order interactions have been pooled to make the denominator of the Variance Ratios. If the third order interaction had been used as error the With the exception of matings with 0 males, eggs with 0 cytoplasm always have a higher percentage of unhatched eggs than eggs with B cytoplasm in the corresponding mating. This even holds when the comparison is between the inbred lines 0 and B.
(ii) The heterozygosity of the female It will also be seen from table 2 that the inbred females have the highest unhatched rate, the F1 have the lowest and the backcrosses (with a heterozygosity of ) are half-way between. As will be seen in fig. i this heterotic effect is the same in both cytoplasms. Heterosis might be operating in several ways, as for example improving the innate viability of the egg, or increasing the efficiency of the mechanism for insemination of each egg before it is laid.
(iii) The genotype of the male While B and BO males give almost identical mean effects (there is thus no heterotic effect in the male), 0 males give much better A. J. BATEMAN of male. Such an analysis is unable to show the nature of these interactions, which will be discussed below. The mean square for heterozygosity of the female should be greater than the value shown because one of the three degrees of freedom cited is in fact due to the comparison between the backcrosses to B and 0, which have the same heterozygosity.
It will be seen that the third order interaction has a higher mean square (non-significant, P.zzo.2) than the second order interactions involving heterozygosity. For that reason these second order interactions have been pooled to make the denominator of the Variance Ratios. If the third order interaction had been used as error the (ii) The heterozygosity of the female It will also be seen from table 2 that the inbred females have the highest unhatched rate, the F1 have the lowest and the backcrosses (with a heterozygosity of ) are half-way between. As will be seen in fig. i this heterotic effect is the same in both cytoplasms. Heterosis might be operating in several ways, as for example improving the innate viability of the egg, or increasing the efficiency of the mechanism for insemination of each egg before it is laid.
(iii) The genotype of the male While B and BO males give almost identical mean effects (there is thus no heterotic effect in the male), 0 males give much better EGG-HATCHING IN DROSOPHILA iii haiching rate than the other two. This is opposite to the effect of O cytoplasm in the females. As will be shown below, there are strong imeractions between female and male genotypes so that this first order effect must not be taken at its face value.
The following factors had no apparent effect: proportion of chromosomal 0 genes in the female and unfertilised egg (this is not surprising since the difference between 0 and B was wholly attributable to the cytoplasm); proportion of 0 genes in the fertilised egg; and heterozygosity of the fertilised egg. Thus the genetic constitution of the egg appears to be immaterial to the hatching rate. It is not c1aimcd that this is a general law, for in this material sincc the parent lines vcrc inbred they should be free of egg lethals. One must also conclude, however, that neither did rccornbination between 0 and B genes produce egg lethals.
One must now consider interactions betwcen male and female genotypes. For this purposc the effects of the combinations of the 3 main variables are shown graphically in fig. 2 . It then becomes apparcnt that the cytoplasmic effect in the egg is dependent on the male being used. The poor hatching of eggs with 0 cytoplasm is not shown with 0 males. This may be expressed by saying that 0 cytoplasm is incompatible with B and BO sperm, but B cytoplasm is equally compatible with 0, B and BO sperm. It is now seen that it is this incompatibility which is entirely responsible for the first order cifect of both cytoplasm and sperm. EGG-HATCHING IN DROSOPHILA iii hatching rate than the other two. This is opposite to the effect of O cytoplasm in the females. As will be shown below, there are strong interactions between female and male genotypes so that this first order effect must not be taken at its face value.
The following factors had no apparent effect: proportion of chromosomal 0 genes in the female and unfertilised egg (this is not surprising since the difference between 0 and B was wholly attributable to the cytoplasm); proportion of 0 genes in the fertilised egg; and heterozygosity of the fertilised egg. Thus the genetic constitution of the egg appears to be immaterial to the hatching rate. It is not claimed that this is a general law, for in this material since the parent lines were inbred they should be free of egg lethals. One must also conclude, however, that neither did recombinatiori between 0 and B genes produce egg lethals.
One must now consider interactions between male and female genotypes. For this purpose the effects of the combinations of the 3 main variables are shown graphically in fig. 2 . It then becomes apparent that the cytoplasmic effect in the egg is dependent on the male being used. The poor hatching of eggs with 0 cytoplasm is not shown with 0 males. This may be expressed by saying that 0 cytoplasm is incompatible with B and BO sperm, but B cytoplasm is equally compatible with 0, B and BO sperm. It is now seen that it is this incompatibility which is entirely responsible for the first order effect of both cytoplasm and sperm.
A. J. BATEMAN The reader must not take this interaction betwcen egg cytoplasm and sperm literally, that is, as operating on the gametic level. There could be an inability of B and BO sperm to fertilise an egg with 0 cytoplasm. On another plane entirely, there could be some kind of inhibition of B and BO sperm in the genital tract of females with 0 cytoplasm. The extreme case: failure of B or BO males to inseminate females with 0 cytoplasm can be disregarded, even though no observations were made to determine the rate of insemination. In the first place inhibition of mating would have to be very strong indeed to be detectable in matings of 3 flies of each sex for 2 days. In the second place its occurrence would reduce egg laying and the hatching rate showed no correlation with the number of eggs laid. Though BO and B sperm resemble each other much more closely than either resembles 0 sperm, there is still a consistent difference between them. BO sperm gives better hatching in B cytoplasm but worse hatching in 0 cytoplasm, differences which cancel out in the combined data. It is as though the heterosis of BO males produced improved hatching with compatible eggs, but increased incompatibility with incompatible eggs. This is well shown in fig. 2 . The reader must not take this interaction between egg cytoplasm and sperm literally, that is, as operating on the gametic level. There could be an inability of B and BO sperm to fertilise an egg with 0 cytoplasm. On another plane entirely, there could be some kind of inhibition of B and BO sperm in the genital tract of females with 0 cytoplasm. The extreme case: failure of B or BO males to inseminate females with 0 cytoplasm can be disregarded, even though no observations were made to determine the rate of insemination. In the first place inhibition of mating would have to be very strong indeed to be detectable in matings of 3 flies of each sex for 2 days. In the second place its occurrence would reduce egg laying and the hatching rate showed no correlation with the number of eggs laid.
Though BO and B sperm resemble each other much more closely than either resembles 0 sperm, there is still a consistent difference between them. BO sperm gives better hatching in B cytoplasm but worse hatching in 0 cytoplasm, differences which cancel out in the combined data. It is as though the heterosis of BO males produced improved hatching with compatible eggs, but increased incompatibility with incompatible eggs. This is well shown in fig. 2 . 
